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Dear Sir: 



DECLARATION UNDER 37 CF.R. S 1.131 



I, Yu Chen, state as follows: 

1) I am an inventor of the invention described in United States Patent Application 
Serial No. 10/646,253. 

2) Applicant actually reduced to practice the invention at least as early as March 27, 
2003. A copy of the Idea Record written by the inventors describing the invention is attached as 
Exhibit A. The date of the actual reduction to practice is prior to March 27, 2003. The invention 
actually existed and worked for its intended purpose prior to March 27, 2003. 

3) I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under 18 U.S.C. § 1001 and that such willful false 
statements may jeopardize the validity of the application or any patent issued thereon. 
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DEFROSTING METHODOLOGY FOR C02 HEAT PUMP WATER 

HEATING SYSTEM 

BACKGROUND 

The C02 beat pump commercial water hearing system utilizes a compressor, a gas 
cooler, an electronic expansion valve (EXV), and an evaporator with a fan to transfer beat 
energy from a low temperature energy reservoir to a high temperature energy sink. This 
transfer is achieved with the aid of electrical energy input at the compressor. A 
temperature difference between the outdoor air and the refrigerant drives the thermal 
energy transfer from the air to the working fluid as it passes through the evaporator. The 
fan continues to move fresh air across the evaporator surface, maintaining the 
temperature difference, and evaporating the refrigerant. If the surface temperature of the 
evaporator is below the dew-point temperature of the moist air stream, water will 
condense onto the fins. When the surface of the evaporator is below freezing, water 
droplets that condense on the surface can freeze. Frost crystals then grow from the frozen 
droplets and begin to block the airflow passage through the evaporator fins. The 
blockage increases the pressure drop through die evaporator, which reduces the airflow. 
As a result of the insulating effect of frost and blockage of airflow, the refrigerant 
temperature in the evaporator decreases, which ultimately causes degradation in the heat 
pump performance and reduction of the heating capacity. Eventually, a defrost cycle 
roust be initiated. 

The heat pump utilizes a switching valve to connect the compressor discharge to the 
EXV inlet to perform the defrost cycle, as shown in Figure /. During the defrost cycle, 
the switching valve should be open to bypass the high temperature refrigerant from the 
compressor discharge to the EXV inlet. Water pump should be shut off to stop extracting 
heat from the C02, The switching valve should be sized properly so that the pressure 
drop through the switching valve is much less than the gas cooler. Therefore, most of the 
refrigerant will be flowing through the switching valve to the EXV. The hot C02 is then 
throttled by the EXV and sent to the evaporator, The high temperature refrigerant in the 
evaporator can beat the evaporator and eliminate the frost. During the defrost cycle, the 
EXV will be controlled to maximize the compressor power, thereby speeding up the 
defrosting process* 

A pressure-enthalpy diagram is shown in Figure 2 for a defrost cycle at one ambient 
condition. 
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Figure 1 Schematic of the C02 heat pump commercial water heating system 
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Figure 2 A pressure-enthalpy diagram of the C02 heat pump defrost cycle 
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